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(57) Abstract: The present invention 
relates to a micro heat exchanger used 
for a fuel cell, etc., and a method of 
manufacturing the same. The micro heat 
exchanger of the invention comprises: 
a heat exchanging portion including a 
plurality of metal plates stacked and 
bonded to another, the metal plate having 
a plurality of metal plates stacked and 
bonded to one another, the metal plate 
having a plurality of micro channels : 
formed in parallel on the metal plate tor ; 
flowing a first fluid, a supply channel 
and a discharge channel for supplying 
and discharging a fluid to an from each 
micro channel. A first connection hole 
connected to the supply channel and the 
discharge channel respectively And formed 
on the metal plate in such a way as to pass 
through, and a second connection hole for 
supply and discharging a second fluid; and 
a manifold including a fixing plate bonded 
symmetrically to upper and lowfer sides 
of the heat-exchanging portion and a pipe 
formed in the fixing plate in such a way 
to pass through the fixing plate so as to 
be fluid -communicatively connected with 
the first connection hole and the second 
connection hole such that the first and 

second fluid are supplied and discharged respectively. The bonding between the nneta] plates, the heat-exchanging portion and the 
fixing plates is performed by inserting a bonding Thin plate in between and carrying out a brazing process. 
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MICRO HEAT EXCHANGER FOR FUEL CELL 
ANP MANTJFACURING METHOD THEREOF 

5 Technical Field 

The present invention relates to a micro heat exchanger used for a fuel cell or the 
like, more specifically to a micro heat exchanger and a method of manufacturing the same, 
in which a metal plate having a miaro channel formed therein and a bonding thin plate are 
alternately stacked and bonded through a brazing process! 

10 

Background Art ' ' 

In general, a heat transfer is an energy transmission more actively occurred 
between areas having different temperatures, in particular, their boundary in between. The 
heat transfer includes conduction by which a heat is transferred from a high temperature 
15 area to a low temperature area without a mass transfer, convection by which a heat is 
transmitted through a fluid transfer, and radiation in which atoms excited by heat emits 
electromagnetic waves. 

Among them, the convection is defined as a heat transfer between a fluid and a 
solid, and has been used in the industries. In particular, a forcible convection, for example, 
20 a heat-exchange between the outer and the inner side of a tube is considered as a basic 
concept of heat exchange in heat-exchangers. 

In the industrial on-sites, application of heat-exchangers are closely related to 
technical fields necessitating precision and super-miniaturization such electronic parts and 
materials in the information telecommunication technology associated with generation of 
25 high heat. The heat generation of an electronic pait seriously affects the performance of 



wo 2005/080901 



PCT/KI12005/000467 



the entire system including the electronic part. Thus, its miniaturizatioa has been required 

in order to mount a heat exchanger and consequently a micro-scaled heat exchanger has 

been proposed and developed. 

It is knoAvn that this micro heat exchanger is applicable to a fiiel cell, a chemical 
5 reaction involved in the petroleum industry, a cooling of medicine equipment, a nuclear 

generation, an a cooling of electronic equipment of airplanes, a cooling for a high heated- 

up laser, a seawater evaporation tube of a flesh-water manufacturing facility, or the like. 

In particular, as the JRiel cell has been widely used as a power supply for a 

notebook computer, the size of a heat exchanger adopted in the &el cell keeps is being 
10 miniaturized more and more. However, the size and performance of fuel cell is also 

deteriorated due to a decrease in the heat-exchanging performance resulted from its 

miniaturization. 

Most of the heat exchangers including the above micro heat exchanger are 

operated based on a forcible convection of fluid. The micro heat exchanger is applied to a 
15 fuel cell system and a process for manufacturing medical supplies. The micro heat 
exchanger is fabricated by stacking a series of metal plates, in each of which a micro 

channel is formed in parailel along one direction. A fluid is transferred along each micro 
chaimel, and thus the wall of the micro channel directs, guides, and forces the moving 
direction of the fluid. 

20 As described above, in the micro heat exchanger using forcible/active fluid 

transfer, it is of importance to design a micro channel capable of forcing and guiding the 
fluid movement. In general, the micro channel is formed by a milling process using a 
micro-macMning technology. The reason for importance of micro channel design is that 
the miniaturization of device results in difGculties in testing and measurement. For 

25 example, it is difficult to measure and control the flow rate and temperature of fluid within 
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the micro channel, in particular, the pressure and temperature exerted on the entire device 
and each micro channel. 

In order to advance this measurement and control technology, the manufacturing 
of micro heat exchanger, in particular, tiie pressing and honding of metal plates having 
micro channels formed therein is of great importance. 

In the manufecturing technology of a micro exchanger, it is well known that a 
micro channel is formed on the metal plate, which is tiien press-bonded to each other, and 
in particular, this process allows for securing a good pressure resistance and heat resistance 
against the pressure and temperature exerted to each micro channel. 

In the manufacturing of a conventional micro heat exchanger, tib.e press-bonding 
technique of each metal plate with micro channels formed therein employs various 
technologies, for example, a laser bonding where the rim of stacked metal plates is bonded 
by means of a laser as a heating source, or a diffusion bonding where each metal plate is 
pressed at several hundreds degrees after a soldering material is coated, vapor-deposited, or 
electroplated on the metal plate, or without any solder material. 

In addition, in the heat exchanger, the pipe for a fluid inlet port and outlet port and 
the manifold formed of a fixing plate is fabricated by welding the pipe to the fixing plate 

and bonding them to each other using the above-mentioned laser welding or difiusion 

bonding technologies. 

The micro channel of each metal plate is a relatively depressed portion. In 

addition, this depression causes formation of a wall portion relatively protruded. This wall 

portion, which partitions each micro channel, is not bonded separately m case where the 

conventional bonding technologies are used for manufacturing a micro heat exchanger. 

Thus, the resultant micro heat exchanger embraces problems that the micro channel cannot 

endure the high temperature and high pressure exerted thereto. 
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In addition, when the conventional bonding technology is used, in particular, a 
separate electrochemical plating process is to be added, and also the high temperature 
pressing process needs a long period of time, so that it reduces its production efficiency 
and thus is not suitable for mass production. Thus, its manufecturLng cost is increased and 
5 it cannot be universally applied to the whole industries of concern. 

Similarly, the fabrication of the manifold requires strict working conditions, for 
example, the welding process mxist be carried out one by one and a carefiil attention must 
be paid for a complete sealing. 

As described above, in the conventional technique for manufecturing a micro heat 
10 exchanger, during the bonding process of the metal plates having micro channels formed 
therein, the production efficiency is decreased and the heat resistance and pressure 
resistance of the micro heat exchanger are degraded. In addition, during the bonding of the 
manifold, the production efficiency is lowered, due to its overly strict working conditions. 

Furthermore, as shown in FIG. 1, an insulation layer 1200 is filled between a 
15 casing 110 and a micro heat exchanger 1000 inside the casing 1100. The insulation layer 
1200 is formed, for example, of ceramic wool. Thus, the exchanged heat generated from 
the micro heat exchanger 1000 is prevented from being transmitted to the casing 1100. In 
this way, the case 11 00 inserting process and the insulation layer 1200 forming process are 
necessitated, 

20 Accordingly, since the separate casing 1100 must be provided and the insulation 

layer 1200 must be formed, the manufacturing cost of the heat exchanger cannot be easily 
reduced. The above-mentioned insulation layer forming process is likely to lead to 
defective products and thus a number of the completed micro heat exchangers 1000 are 
inevitably waste-disposed, thereby increasing the manufacturing cost therefor. 

25 In addition, the volume thereof is increased due to the above separate processes. 
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and in order to reduce its volume, the micro heat exchanger must be made smaller or tlie 
insulation layer 1200 must be made thinner, or the thickness of the casing 1100 must be 
made thinner, thereby decreasmg the insulation eflBiciency and thus reducing significantly 
the heat exchanging efficiency thereof. 
5 Furthermore, the weight thereof, along with the volume, is also increased, and the 

radiation heat emitted to the outside of the casing 1100 cannot be blocked basically. Tims, 
its handing is difficult and the radiation heat is inevitably transferred to the external 
devices, thereby significantly deteriorating the durability of devices. 

10 

Disclosure of Invention 

According to one aspect of the invention, there is provided a micro heat exchanger 
including: a heat exchangiag portion including a plurality of metal plates stacked and 
bonded to one another, the metal plate having a plurahty of micro channels formed in 

15 parallel on the metal plate for flowing a first fluid, a supply channel and a discharge 
channel for supplying and discharging a fluid to and from each micro channel, a first 
connection hole connected to the supply channel and the discharge channel respectively 
and formed on the metal plate in such a way as to pass tburough, and a second connection 
hole for supply and discharging a second fluid; and a nxanifold including a fixing plate 

20 bonded symmetrically to upper and lower sides of the heat-exchanging portion and a pipe 
formed on the fixing plate in such a way as to pass through the fixing plate so as to be 
fluid-communicatively connected with the first connection hole and the second connection 
hole such that the first and second fluid are supplied and discharged respectively, wherein 
the bonding between the metal plates, the heat-exchangiag portion and the fixmg plate is 

25 performed by inserting a bonding thin plate in between and carrying out a brazing process. 
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la addition, the heat-exchanging portion is formed throiigh an alternate stacking 
and bondiQg in such a manner that the first connection hole through the metal plate and the 
second connection hole through the adjacent metal plate are fluid-communicated with each 
other and the micro channels on the neighboring metal plates are crossed at a certain 

5 desired angle. The supply channel and the discharge channel further includes a 
distribution channel formed on the metal plate so as to be branched off and flowed together 
correspondingly to the micro channel. 

The heat-exchanging portion is further provided with an insulation space formed 
by stacking the metal plates, which are fijrther provided with one or more insulation hole 

10 formed in such a way as to pass through a desired area of the periphery of the micro 
channel. An insulation panel is inserted between the manifold and the heat-exchanging 
portion and bonded through a brazing process, the insulation panel including a through- 
hole fluid-communicated with the pipe of each manifold. The insulation panel is provided 
with one or more depressions on the micro channel forming direction. The insulation 

1 5 space or the depression is vacuumed by means of a vacuuming process during the brazing 
bonding process. 

In addition, the heat exchanger of the invention may further comprises one or more 
vacuum port passing through integrally the insidation panel and another manifold stacked 
and combined therewith so as to be fluid-communicated with the depression and the 
20 insulation space. 

According to another aspect of the invention, there is provided a method of 
manufecturiag a micro heat exchanger. The method comprises steps of: (a) preparing a 
metal plate having a fluid supply channel and a fluid discharge channel, a plurality of 
parallel micro channels, and first and second connection holes connected respectively with 
25 the supply channel and the discharge channel; (b) forming a heat-exchanging portion by 
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Stacking and bonding the metal plates with a bonding thin plate inserted in between, the 
micro channel feeing one direction; (c) forming each manifold to be symmetrically bonded 
to upper and lower sides of the heat-exchanging portion, the manifold having a JSxing plate 
to which each pipe is temporarily bonded so as to be fluid-commmiicated with the fiist and 
5 second connection holes; (d) coating a paste bonding agent near the connection area of 
each pipe to each jBxing plate; (e) forming an assembly by assembling the heat-exchanging 
portion, each fixing plate and each manifold between a fixing jig and a mobile jig moving 
relative to the fixing jig, correspondingly to the fluid supply and discharge path, and 
placing a relatively small load weight on top of the mobile jig so as to exert a xmiform load 
10 to the metal plate of the heat-exchanging portion; (f) placing each assembly in a brazing 
fbmace, and heating the assembly above the melting temperature of the bonding thin plate 
and the bonding agent to thereby perform a bonding; and (g) removing the fixing jig, the 
mobile jig and the load weight after taking the assembly out of the brazing furnace. 

The step (b) may fiuHier comprise a step of alternately stacking the metal plates in 
15 such a manner that a first connection hole of the metal plate is fluid-communicatively 
connected with a second connection hole of a neighboring metal plate and. a micro channel 
of the metal plate is crossed with the micro channel of the neighboring metal plate at a 
certain desired angle. 

The step (a) may fbrther comprise a step of forming a distribution channel on the 
20 supply channel and the dischai^e channel such that the micro channel and the first 
connection hole axe fluid-communicated with each other, and branched off and flowed 
together respectively. 

The step (b) may fiirther comprise a step of disposing the metal plate in such as a 
way that tiie micro channel containing fece thereof faces downwards. 
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The step (a) may further cdmprise a step of punching an insulation hole of same 
shape in a same place. 

The step (b) may further comprise a step of stacking an insxdatioa panel between 
the manifold and the metal plate, and inserting and stacking a bonding thin plate in 
5 between. 

Brief Description of Drawings 

Further objects and advantages of the invention can be more fully understood 
from the following detailed description taken in conjunction with the accompanying 
1 0 drawings, in which: 

FIG 1 is a perspective view showing the internal structure of a conventional heat 
exchanger; 

FIGS. 2 to 10 illustrate a process for fabricating a micro heat exchaager according 

to one embodiment of the invention; 
15 FIG 11 is an exploded perspective view showing a micro heat exchanger 

according to one embodiment of the invention; 

FIGS. 12 to 20 illustrate a process for fabiicatrng a micro heat exchanger 
according to anolJier embodiment of the invention; 

FIG 21 is an Kqploded perspective view showing a micro heat exchanger 
20 according to another embodiment of the invention; 

FIG 22 is a photograph showing a vertical cross-section of a bonded laminated 
structure in the micro heat exchanger febricated according to the invention; 

FIG 23 is an enlarged photograph showing a micro chaonel in FIG 22; 
FIG 24 is an exploded cross-section showing a micro heat exchanger according to 
25 a further embodiment of the invention; 
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FIGS. 25 and 26 are plan views showing respectively a modified embodiment of a 
metal plate; 

FIG 30 is a perspective view showing an msulation panel according to one 
embodiment of the invention; 
5 FIGS. 31 and 31 are perspective views showing respectively a modified example 

of FIG 30; 

FIG 33 is an exploded perspective view showing a heat exchanger according to 

another embodiment of the invention; and 

FIG. 34 is a flow chart explaining a process for fabricating a heat exchanger 
1 0 according to another embodiment of the invention. 

Best Mode for Carrying Out the Invention 

The preferred embodiments of the present iavention will be hereafter described in 
detail with reference to the accompanying drawings. 
1 5 [First embodiment] 

FIGS. 2 to 10 illustrate the process for fabricating a micro heat exchanger 
according to an embodiment of uie invention. 

In the process of the invention, each metal plate 20 having a micro chaaanel 20a 
formed therein is laminated/inverted/arranged/assembled/bonded between manifolds 30 
20 and 70 to fabricate a heat exchanger 200. In particular, a process for alternately laminating 
each metal plate 20 and a bonding thin plate 220 is included, and this process provides a 
method where all the boundary area of each micro channel 20a is participated in sl bonding 
process. At this time, the metal plates 20 are laminated and bonded in such a way that the 
naicro channels 20a of neighboring metal plates 20 are crossed at a certain angle so that 
25 each fluid of different temperature can be suppUed and discharged alternately. In addition. 
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the metal plate 20 is disposed such that the face thereof having the micro channel 20a 
formed thereon faces downward, and then a brazing process is carried out. Accordingly, 
this provides a practical merit that the melt of the bonding thin plate 220 is prevented firom 
flowing into the micro channel 20a. 
5 As illustrated in FIGS. 2 to 10, first, a common mechanical processing such as a 

press forming or a milling machining, or a special process such as a photo-etching process, 
a precision casting, a metal injection molding is performed on each metal plate 20, to 
thereby obtain micro channels 20a formed along one direction in parallel to each other. 
The micro channel 20a has a width and/or a depth of no more than 1mm. 

10 Here, a rectangolar area in the center of the metal plate 20 is selected as a forming 

area of the micro channel 20a. In the selected area are formed parallel micro channels 20a 
and four through-holes are formed around the area where the micro channel 20a is formed. 
The position of each through-hole corresponds to each comer of the metal plate 20 and the 
through-holes are formed symmetrically. The through-holes constitute connection holes 

15 20f and 20g, to which each pipe 50, 60, 90, 100 forming each manifold 30, 70 is connected. 
In addition, when the metal plate 20 is laminated and bonded, the through-holes foma a 
passageway, through which a low temperature or high temperature fluid is transferred to "be 
supplied to and be discharged from each micro chaimel 20a. Among these connection 
holes 20f and 20g, the ones that are diagonally opposed and connected with the micro 

20 channel 20a constitute a first connection hole 20f, and the ones that are diagonally opposed, 
but not connected with the micro channel, constitute a second connection hole 20g. The 
first coimection hole 20f and the second connection hole 20g are configured such that a 
first fluid and a second fluid are supplied thereto and discharged therefix>m respectively. 

At this time, a supply channel 20b and a discharge channel 20d are formed in such 

25 a way as to be expanded gradually towards the micro channel-forming area starting firom 
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the first connection hole 20f and be fluid-communicatively connected with the micro 
channel 20a. Here, it is preferable that a supply distribution channel 20c and a discharge 
distribution channel 20e are formed so as to correspond to the micro channels 20a such that 
the fluid can be branched out to each micro channel from the supply channel 20b or 
conversed into the discharge channel 20d from the micro channel 20a (SHOO). 
Accordingly, a metal plate 20 is prepared, as illustrated in FIG. 2. 
In addition, plural metal plates 20 prepared as above are laminated, alternately 
with a bonding thin plate 220, in such a manner that micro channels of the neighboring 
metal plates are crossed with each other at a certain angle so that each fluid having a 
different temperature can be alternately supplied and discharged. The bonding thin plate 
220 serves as a bonding medium, which is melted when carrying out a bonding operation 
in a brazing fumace 300. As a material for the bonding thin plate 220, silicon ally is used 
when an aluminum metal plate 20 is used, silver or silver alloy is used when a copper 
metal plate 20 is used, and nickel alloy or pure copper is used when a stainless steel or 
heat-resistant alloy plate 20 is used. In addition, the thickness of the metal plate 20 is 
preferred to be no more than 0.1mm, more preferably in a range of 0.025~0.05mm, in 
order to prevent the micro channel from being blocked during the brazing-bonding 
operation. 

First, a metal plate 20 is stacked on the bonding thin plate 220 having the same 
size as that of the metal plate 20 in such a way as to the face having a micro channel 20a 
formed therein is faced upward so that the forming direction of the micro channel 20a can 
be viewed from above. Next, another metal plate 20 is stacked thereon alternately such 
that the micro channel forming direction thereof is crossed with that of the right under 
metal plate 20. At this time, similarly, it is disposed in such a way that the micro channel 
20a is feced upwardly. Then, the fiist connection hole 20f and the second connection hole 
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20g are disposed respectively in same positions through the metal plates 20 having a same 
forming direction of micro channel 20a. Then, after a desired number of metal plates 20 
and the bonding thin plates 220 are laminated, a bonding thin pate 220 is disposed for 
bonding with a manifold 30, 70. Accordingly, a heat exchanging portion 10, in which a 

5 metal plate 20 and a bonding tiiin plate 220 are stacked one upon another, formed. Thus, 
in the completed product, when a fluid flows through the connection holes 20f and 20g, the 
fluid is supplied into the supply channel 20 and the micro channel 20a through the first 
connection hole 20f and discharged through the discharge channel 20d and the first 
connection hole 20^ which is diagonally placed. 

10 If the fluid is in-flown into the second connection hole 20g, it is passed through 

and reaches the lowest first connection hole 20f to thereby flow to the corresponding micro 
channel. That is, an alternate supply and discharge configuration is prepared. 
Consequently, considering that a respective fluid having a different temperature is 
provided to the connection holes feeing the above-described connection holes 20f and 20g, 

15 i.e., respectively to the first connection hole 20f and the second connection hole 20g in one 
metal plate 20, a high temperature fluid and a low temperature fluid are alternately 
supplied and discharged and thus a heat exchange between neighboring metal plates 20 can 
be performed (SI 200). This configuration of the present invention is achieved by stacking 
the metal plates altemately such that the micro channel 20a forming directions are crossed 

20 to each other. 

In the above-described stacking method, the bonding thin plate 220 is faced to one 
whole surfece of the metal plate 20 and thus the boundary area of the micro channel 20a 
can be fijsion-bonded when the bonding thin plate 220 is melted during subsequent brazing 
bonding process. 

25 In this way, after the metal plate 20 and the bonding thin plate 220 are altemately 
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laminated, based on the micro channel forming directions between the metal plates 20, the 
resultant heat exchanging portion 10 having each metal plate 20 and each bonding thin 
plate 220 stacked one upon another is disposed so as to be inverted. Then, the metal plate 
20 is placed with the micro channel feeing downwards. Thus, the melt of the bonding thin 
5 plate 220 is prevented from flowing to the micro channel 20a during the subsequent 
brazing bonding process (SI 210). 

Then, a first manifold 30 and a second noanifold 70 are febricated. First, a first 
fixing plate 40 and a second fixing plate 80 are prepared so as to having the same size as 
the metal plate 20 and a thickness relatively thicker than the metal plate. Each fixing plate 

10 40, 80 has two holes formed at the positions corresponding to the first connection hole 20f 
and the second connection hole 20g of the metal plate 20. To each of these holes is bonded 
a first pipe 50, a second pipe 60, a iiiird pipe 90 and a fourth pipe 100 by means of a spot 
welding, thereby completing each manifold 30, 70 having a structure corresponding to the 
duct structure formed by the first cormection hole 20f and the second connection hole 20g 

15 through the lanunation of metal plates 20 (S 1300). 

Thereafter, a bonding agent 230 is coated around the connecting area between the 
fixing plates 40 and 80 and the pipes 50, 60, 90, 100. The bonding agent is formed of the 
same material as the bonding thin plate 220 and has a paste form (Si 400). 

At this time, the previously prepared heat exchanging portion 10, in v^ch the 

20 metal plate 20 and the bonding thin plate 220 are stacked, tends to disturb its laminated 
structure when inverted. Therefore, the heat-exchanging portion 10 needs to be restrained 
for arrangranent For this purpose, an aligning member 240 is tightly attached to the comer 
area of the metal plate since the metal plate 20 and the bonding thin plate 220 has a 
rectangular sh^e. The aligning member 240 is a rod structure, in -wliich one side is 

25 depressed such that the comers of the metal plate 20 and the bonding thin plate 220 are 
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inserted thereto and closely contacted therewith. The aligning member 240 is formed of 
the same material as the metal plate 20, or a ceramic material. At this time, in case of the 
same material, preferably, the surface of the aligning member 240 is coated with a liquid 
containing cesramics beforehand so as not to stick to the metal plate 20. 
5 In addition, preferably, the aligning member 240 is designed such that the load in 

the gravitational direction, i.e., in the hei^t of the heat-exchanging portion 10 is larger 
than the static friction force thereof, thus preventing the metal plate 20 from being buckled 
due to heat expansion thereof during the brazing bonding process. In this way, each 
aligning member 240 is pressurized against each comer of the heat-exchanging portion 10, 

10 to thereby achieve an easy alignment (S1410). 

Further, a fixing jig 290 and a mobile jig 270 are provided m order to assisting in 
the assembling of each manifold 30 and 70 and the heat-exchanging portion 10, The 
mobile jig 270 and the fixing jig 290 are disposed at the upper and lower sides of the 
manifolds 30 and 70 and the heat-exchanging portion 10 to be assembled to each other. 

1 5 The jigs 270 and 290 are formed of a thick plate material and has holes formed so as not to 
be interfered with each pipe 50, 60, 90, 100 of each manifold, which is to be positioned at 
the upper and lower sides of tlie inverced/aiigned heat-exchanging portion 10. 

First, the fixing jig 290 is placed on a floor, and the first manifold 30 is inverted 
thereon and the first pipe 50 and the second pipe 60 are inserted into the holes of the fixing 

20 jig 290. Then, thereon is placed the heat-exchanging portion 1 0. together with the aligning 
member 240. Here, the aligning member 240 aligns the heat-exchanging portion 10, 
together with the first fixing plate 40 of the first manifold 30, which is disposed a the lower 
side of each aligning member 240. Hien, the mobile jig 270 is placed thereonL, and the 
third pipe 90 and the fourth pipe 100 are inserted into each hole of the mobile jig 270. 

25 Here, at both sides of the fixing jig 290 is disposed a guide 280 fixed along the 
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height thereof. Each guide 280 is formed at a position corresponding to both sides of the 
mobile jig 270, and is assembled in such a way as to be inserted into a hole formed 
relatively larger than each guide 280. Then, a load weight is placed on top of the mobile 
jig 270. The load weight 60 is a metal weight capable of exerting a pressure of above 

5 lOg/cm^ preferably around SO-lSOg/cm^, considering the thickness of the metal plate 20. 
Thus, the assembly 270 can be brazing-bonded under a certain pressure. At this time, since 
the plate-like mobile jig 270 having a relatively large surfece area is placed between the 
load weight 260 and the assembly 210, the pressure can be uniformly exerted over the 
whole assembly 210, while the mobile jig 270 moves downwardly along the guide 280. 

10 In this way, the assembly 210 to be put in the brazing furnace 300 is obtained. 

The resultant plora! assemblies 210 are put in a brazing ftimace 300. At this time, 
inside the brazing fiimace 300 may be at vacuum, in an inert gas atmosphere, or a 
reduction gas atmosphere. When the brazing fiimace 300 is operated to thereby increase 
the temperature to above the melting temperature of the bonding agent 230 of paste coated 

1 5 between the metal plate 20 and the bonding thin plate 220, the metal 20 and the fixing plate 
40, 80 are bonded, and the fixing plate 40, 80 and tiie pipe are bonded. At this time, since 
the bonding thin plate 220 is tightly contacted vAm. the whole surface of the metal plate 20, 
the bonding is occurred in the boundary area of the micro channels 20a. hi addition, the 
heat-exchanging portion 10 is bonded in such a way that Hhe micro channel-formed fece of 

20 the metal plate 20 is faced downwardly, and thus the melt of the bonding thin plate 220 is 
not introduced into the micro chaimel 20a. 

Consequently, the metal plates 20 are bonded to each other such that each 
boundary area of the micro channel on the neighboring plates is closed disposed, so as to 
form a flow passageway by the micro channels 20a, thereby completing a micro heat 

25 exchanger 200 (SI 600). 
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After the brazing boading process, the assembly is taken out of the brazing fimiace 
300. Then, the fixing jig 290, the mobile jig 270, the aligning member 240 and the load 
weight 260 are removed, and if necessary, a post treating process is applied to remove 
remaining melt, protruded onto the surface (SI 700). 
5 FIG. 11 is an exploded perspective view of a micro heat exchanger 200 

manufactured according to an embodiment of the invention. As shown in FIG. 11, the 
micro heat exchanger 200 fabricated through the above-described method comprises a 
heat-exchanging portion 10 including a plurality of metal plates 20 which are 
laminated/bonded so as to cross the micro channel-forming directions relative to one 
10 another, and a first and second manifold 30, 70 disposed at both sides of the heat- 
exchanging portion 10 in the stacking direction of the metal plate 20. 

At this time, as the metal plates 20 are alternately stacked based on the micro 
chaimel forming direction, the first connection hole 20f and the second connection hole 
20g form one passageway and this passageway come to be fluid-communicated with each 
15 pipe 50, 60, 90, 100 of the each manifold 30, 70. Therefore, when a fluid is introduced - 
through each pipe 50, 60, 90, 100, the fluid is siqjplied to each micro channel 20a on the 
supply channel 20b formed from each coimection holes 20£, 20g to the micro channel 20a 
and discharged throi^ the discharge channel 20d. In addition, since the metal plates 20 
are combined such that each micro channel forming durection is crossed with each other, 
20 along an alternate metal plate 20 is circulated a fluid having a same temperature. 

Here, the specific fluid circulation path will be explained. First, when a fluid, for 
example, a high temperature fluid, is flown into the first metal plate 20 adjacent the first 
manifold 30 through the first pipe 50 of the first manifold 30, the high temperature fluid is 
provided through a first connection hole 20f of the metal plat 20 fluid-conununicated with 
25 the first pipe 50, and then flows on the supply channel 20b and the supply distribution 
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channel 20c branched from the supply channel 20 to consequently flow into the concerned 
micro channel 20a. 

This fluid flows through the micro channel 20a and is discharged through the 
discharge channel 20d. At this time, if a low temperature is provided through a second 
5 pipe 60 to the second connection hole 20g, which is diagonally opposed to the first 
coimection hole 20f to which the high temperature fluid is provided through the metal plate 
20 adjacent to the first fixing plate 40, the low temperature fluid comes to flow the first 
connection hole 20f, the supply channel 20b, the micro channel 20a and the discharge 
channel through the right behind metal plate 20, ihas providing a thermal relationship 
1 0 between the neighboring metal plates. 

In addition, the second manifold 70 is placed in opposite relation to the first 
manifold, and the third pipe 90 and the fourth pipe 100 thereof are connected respectively 
to the first connection hole 20f and the second connection hole 20g, which is in opposite to 
the first connection hole 20f and the second connection hole 20g to which the first pipe 50 
15 and the second pipe 60. Thus, the high temperature fluid of the first pipe 50 is discharged 
through the third pipe 90 via the circulation path as described above, and the low 
temperature of the second pipe 60 is discharged through the fourth pipe 100. At this time, 
the fluids are provided in different directions, which can be designed, depending on 
application of the micro heat exchanger according to the present invention. 
20 [Second embodiment] 

FIGS. 12 to 20 show a process for febricating a micro heat exchanger according to 
another embodiment of the invention. As shown in FIGS. 12 to 20, an alignment pin 250 
is used for forcibly restraining and aligning the heat-exchanging portion 10. 

First, a micro channel 20a is formed m parallel on the central area^ and two first 
25 cormection holes 20f and two second connection holes 20g are formed by drilling. A 
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supply channel 20b and a discharge channel 20d are formed in such a way as to be 
expanded from the diagonally positioned two first connection hole 20f to a micro channel 
formii^ area. At this time, a supply distribution channel 20c and a discharge distribution 
channel 20e are branched respectively from the supply channel 10b and the discharge 
5 channel 20d, to thereby enable a smooth flow of supply or discharge fluid. 

In addition, as an aligmnent hole, four holes are formed, one near each side of the 
metal plate and at the center thereof. The alignment hole 20h has a smaller size relative to 
the connection holes 20f, 20g. Each alignment hole 20h is used for aUgning a heat- 
exchanging portion 10 using an alignment pin 250 (S2100). 

1 0 Thereafter, when laminating, the metal plate 20 and the bonding thin plate 220 are 

alternately stacked in such a way that the micro channel containing face of the metal plate 
20 faces upwardly in order to recognize the micro chatmel farming direction, thereby 
forming a heat-exchanging portion 10. Along with the alternate stacking of the metal plate 
20 and the bonding thin plate 220, they are laminated such that the micro channel 20a 

15 forming directions are also alternated. That is, in two neighboring metal plates 20 with a 
bonding thin plate 220 placed in between, the metal plates are stacked repeatedly so as to 
cross each micro channel 20a with each other. Accordingly, every other metal plate 20 has 
a same micro channel 20a forming direction, and two neighboring metal plates with the 
bonding thin plate 220 m between have micro channels 20a crossmg each other. At this 

20 time, on top and bottom of the heat-exchanging portion 10 is disposed a bondmg thin plate 
220 according to the stacking order, so that each manifold 30, 70 can be bonded at both 
sides of the stacking direction (S2200). 

In this stacldng structure, when brazing bonding, the melt of the bondmg thin plate 
220 is very likely to flow toward the inside of the micro channel 20a. Thus, in order to 

25 avoid this phenomenon, the heat-exchanging portion 10 is constructed such that the micro 
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channel 20a faces downwardly (S2210). 

Next, each manifold 30, 70 is febricated. First, a first fixing plate 40 and a second 
fixing plate 80 thicker than the metal plate 20 are prepared, and ia each fixing plate 40, 80 
are formed four holes at positions corresponding to each connection hole 20f, 20g. A 
5 fixing plate alignment pin 250 is formed at positions corresponding to the alignment hole 
20h of the metal plate 20 and so as to have a size corresponding thereto. Among the holes 
formed corresponding to each connection hole 20f, 20g, two holes disposed along a rim 
thereof are connected with a first pipe 50 and a second pipe 60, and a third pipe 90 and a 
fourth pipe 100 respectively using a spot welding, to liiereby fabricate the first manifold 30 
10 and the second manifold 70 (S23 00). 

Thereafter, a bonding agent 230 is coated around the connection area between 
each pipe 50, 60, 90,100 and each fixing plate 40, 80. The bonding agent 230 is formed of 
the same material as the bonding thin plate 220 and has a paste form. 

At this time, each metal plate 20 forming the heat-exchanging portion 10 does not 
15 have a connective relation to align the stacking structure. Thus, into the above-formed 
alignment hole 20h of each metal plate 20 is inserted the alignment pin 250 continuously, 
to thereby align the metal plates 20 (S2410). 

In addition, in order to assemble the heat-exchanging portion 10 and each 
manifold 30, 70, an auxiliary member, i.e., a mobile jig 270 and a fixing jig 290 are used. 
20 The mobile jig 270 and the fixing jig 290 have the form of a thick plate and each has a hole 
formed so as to insert each pipe 50, 60, 90, 100 of each manifold 30, 70. At both sides of 
the fixing jig 290 is fixed a rod-shape guide 280, along which the mobile jig 270 is guided 
upwards and downwards. 

First, the first pipe 50 and the second pipe 60 of the first manifold 30 are inserted 
25 into and fixed to the fixing jig 290. The heat-exchanging portion 10 is placed and aligned 
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thereon such that the micro chaimel 20a faces dowawards. At this time, each alignment 
pin 250 is inserted into the first fixing plate aligmnent hole 40a of the first fixiag plate so 
as to be aligned together with the heat-exchanging portion 10. In addition, the second 
manifold 70 is placed on top of the heat-exchanging portion 10. At this time, each 
5 aligmnent pin 20 is inserted into the second fixing plate alignment hole 80a of the second 
fixing plate 80. Accordingly, each manifold 30, 70 and the heat-exchanging portion 10 are 
assembled to each other. 

Then, the mobile jig 270 is placed on top of the second manifold 70, and the third 
pipe 90 and the fourth pipe 100 of the second manifold 70 are inserted. Accordingly, in 
10 the resultant assembly 210, the pressure of the load weight 260 is exerted rauformly along 
the height of the heat-exchanging portion 10 tbjough the mobile jig 270 (S2500). 

A plurality of above assembli^ 210 is fabricated and put inside a brazing furnace 
300, which is heated above the melting temperature of the bonding thin plate 220 and the 
bonding agent 230. Then, each metal plate 20 is bonded such that the boundary area of the 
15 micro channel 20a is bonded to the other surface of adjacent metal plate 20 to thereby form 
a flow passageway. Each pipe 50, 60, 90, 100 is bonded to each fixing plate 40, 80 and 
also each manifold 30, 70 is bonded to the heat-exchanging portion 10. Consequently, a 
micro heat exchanger 200 is completed (S2600). 

Then, the fixing jig 290, the mobile jig270, the load weight 260 and the alignment 
20 pin 250 are removed from the completed micro heat exchanger 200, and the remaining 
melt protruded outside is removed as a finishing process (S2700), 

FIG. 21 is an exploded perspective view of a micro heat exchanger fabricated 
according to another embodiment of the invention. As illustrated in FIG. 21, the micro 
heat exchanger 200 of this embodiment is structured in such a way as to altemately 
25 disposing each metal plate 20, based on the micro channel 20a forming direction, such that 
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a fiiiid having a different temperature can flow through each micro channel 20a of each 
metal plate 20 in neighboring metal plates 20. 

For this purpose, the heat exchanger 200 mciudes a heat-exchanging portion 10 in 
which each metal plate 20 is stacked, and a first manifold 30 and a second manifold 70 
5 disposed at both sides of the heat-exchanging portion 10 and supplying/discharging fluids 
having different temperatures, thereby performing a heat exchange between them. 

Here, in the heat-exchangiag portion 10, each metal plate 20 is stacked/bonded 
through a brazing process. When each fluid flows through the micro channel 20a in each 
metal plate 20, a heat exchange is occurred in the heat-exchanging portion 10. 

10 As shown in FIG. 1 1, this metal plate 20 includes a plurality of micro channels 20a 

formed in parallel on the center of one face thereof and having generally a rectangular 
shape, and a supply channel 20b and a discharge channel 20d connected with the micro 
channel 20a. In addition, a supply distribution channel 20a and a discharge distribution 
channel 20e are formed in such way to be branched firom the supply channel 20b and the 

15 discharge channel 20d. 

Two first connection holes 20f are formed at the starting point of the supply 
channel 20b and the discharge channel 20d. Tlie first comiection holes 20f pass through 
the metal plate 20 and are diagonally opposed. In addition, two second connection holes 
20g are diagonally formed at positions facing each first connection hole 20f. The second 

20 connection hole 20g passes through the metal plate 20 and has no structural relationship 
with the flowing path of the corresponding micro channel 20a. 

Here, the metal plate 20 is disposed altemately with neighboring plate, based on 
the micro channel 20a foming direction. Thus, the first comiection hole 20f is connected 
with the second connection hole 20g through the behind metal plate 20 to thereby form a 

25 passageway. 
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At this time, the first connection hole 20f is fluid-communicated with the 
corresponding micro-channel 20a, and the second connection hole 20g has no connection 
with the corresponding micro channel 20a and thus the fluid flow the first connection hole 
20f only. In addition, considering the first connection hole 20f and the second connection 
5 hole 20g diagonally disposed, the provided fluid flows the supply channel 20b and the 
micro channel 20a and then discharged tbiough the discharge channel 20d. Then, again tbe 
fluid is discharged through the first connection hole 20f diagonally placed, then passes 
through the second connection hole 20g behind thereof, and is supplied to the first 
connection hole 20f behind thereof. This flow pattern is repeated. 

10 If fluids of different temperatures are provided respectively into the first 

connection hole 20f and the second connection hole 20g facing each other, then a different 
temperature fluid flows through the micro channel 20a in each metal plate 20 to thereby 
perform a heat exchange between the neighboring metal plates. 

The first manifold 30, which is disposed at one side of the heat-exchanging portion 

15 10, provides a fluid to each metal plate 20 constituting the heat-exchanging portion 10. 
The first manifold 30 incliides a first fixing plate 40, and a first pipe 50 and a second pipe 
60 disposed in parallel at one side of the first fixing plate 40 and fluid-communicated 
therewith. 

At this time, the first fixing plate 40 is faced with and bonded to the first 
20 connection hole 20f and the second connection hole 20g of the front metal plate 20 so as to 
correspond to the first pipe 50 and the second pipe 60. Therefore, the first pipe 50 and the 
second pipe 60 are connected with the corresponding first connection hole 20f and second 
connection hole 20g, and thus by this connection structure a high temperature fluid and a 
low temperature fluid are provided to the heat-exchanging portion 10. 
25 The first pipe 50 is connected to the first connection hole 20f, and thus if a high 
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temperature fluid is provided, the fluid flows through the supply channel 20b, a supply 
distribution channel 20c, a micro channel 20a, a discharge channel 2Qd, a discharge 
distribution channel 20e of the corresponding metal plate, and then, through the diagonally 
disposed first connection hole 20f, supplied to the behind other metal plate 20. 
5 The micro channel 20a in this behind metal plate 20 is crossed with that of the 

front metal plate 20, and thus the front first connection hole 20f and the behind second 
connection hole 20g are fluid-communicated with each other. Therefore, the high 
temperature fluid does not flow the micro channel 20a on the behind metal plate 20, but 
directly is supplied to the first connection hole 20f of the behiud metal plate 20 through the 

10 corresponding second connection hole 20g. Thus, the fluid is supplied and discharged 
alternately, conforming to the order previously mentioned. 

The second pipe 60 is connected to the second connection hole 20g of the metal 
plate 20 adjacent to the first fixing plate 40. Through the second pipe 60, a fluid having a 
temperature different from the first pipe 50 is provided to the second connection hole 20g. 

15 For example, in case where a low temperature fluid is provided, the first coimection hole 
20f of other metal plate 20 is fluid-coromunicated backwards of this second connection 
hole 20g. 

Thus, the low temperature fluid is not provided to the micro channel 20a of the 
metal plate 20 adjacent to the first fixing plate 40, but provided to tiie first connection hole 

20 20f of the behind metal plate 20, and then flows the supply channel 20b, the supply 
distribution channel 20c, a micro channel 20a, a discharge channel 20d, a discharge 
distribution channel in the described order and subsequently supphed to the second 
connection hole 20g of the behind metal plate 20 through the diagonally placed first 
connection hole 20f. Thus, the low temperature fluid is supplied and discharged 

25 alternately. 
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The second manifold 70 is disposed at a position facing the first manifold 30 with 
the heat-exchangmg portion 10 in between. The second manifold 70 includes a second 
fixing plate 80 bonded to a corresponding metal plate 20 and a third and fourth pipe 100 
bonded/connected to the second fixing plate 80, in order to discharge the high temperature 
5 and low temperature fluids provided to the heat-exchanging portion 10 &om the first 
manifold 30. The first and second pipes 50 and 60 are connected to the first connection 
hole 20f and the second connection hole 20g through the lower metal plate 20. 
Dissimilarly, the third pipe 90 and the fourth pipe 100 are connected to the first connection 
hole 20f and the second connection hole 20g through the upper metal plate 20. 

10 FIQ 22 is a photogr^h showing a vertical cross-section of a bonded heat- 

exchanging portion 10 in the micro heat exchanger 200 febricated according to the 
invention. FIG 23 is an enlarged photograph showing a micro channel 23 a in FIG 22. As 
shown in FIGS. 22 and 23, a cross-section taken along the stacking direction of the heat- 
exchanging portion 10 is illustrated. It can be seen that the bonding thin plate 220 is 

1 5 melted/bonded to each face of the metal plate 20 through the brazing bonding process, and 
in particular the boundary area of the micro channels 20a is bonded. 

Accordingly, each flovv' passageway comprised of a micro channel 20a and the 
other face of the metal plate 20 abutted thereto, i.e., the metal plate 20 is boned on the 
whole, excepting the area related to the fluid flow. 

20 As described above, in the micro heat exchanger and the manufacturing method 

thereof according to the invention, each manifold 30, 70 may be disposed so as to have 
different positions of the pipes 50, 60, 90, 100 relative to the heat-exchanging portion 10, 
or the number of stacked metal plates 20 may be varied, depending on the design 
specification of applications. 

25 In addition, the supply channel 20b and the discharge channel 20d is formed 
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towards each fest comeclioii hole 20f diagonally disposed with the micro channel forming 
area in between. In stead, however, the first connection hole 20f may be formed facing 
each other with the micro channel 20a placed in between and the supply channel 20b and 
the discharge channel 20d may be formed. 
5 [Third embodiment] • 

FIG. 24 is an exploded cross-section of a heat exchanger according to the 
invention, and FIG. 25 is a plan view of a metal plate according to another embodiment of 
the invention. FIG. 30 is a perspective view of an insulation panel according to an 
embodiment of the invention. 

10 Referring to FIGS. 24, 30, and 33, an insulation-type heat exchanger according to 

the invention a heat exchanger 10 where a plurality of metal plates 20 is alternately stacked 
perpendicularly to one another, two insulating panels 310, 320 stacked at both end of the 
heat-exchanging portion 10, and a first and second manifold 30, 70 stacked and rested on 
the insulation panels 310 and 320 respectively. 

15 Here, in the heat-exchanging portion 10, a plurality of metal plates 20 is 

alternately stacked, and a bonding thin plate 220 is inserted between neighboring metal 
plates 20, which is bonded to each ouier Itirough a brazing process. As shown in FIG. 25, 
an insulation hole 22 of certain desired shape is formed through the metal plate 20 of the 
invention and thus the insulation holes 22 form a desired insulation space 23 inside the 

20 heat-exchanging portion 10. 

The shape of the insulation hole 22, which is formed through the metal plate, may 
kiclude a circular shape, an elliptical shape, a triangular shape, an arcuate shape, or a 
combination thereof. As shown ui FIG. 28, the insulation hole 22 may be formed in a trust 
pattern so as not to severely decrease the strength of the metal plate. Alternatively, as 

25 shown in FIG. 29, plural insulation holes may be formed in parallel or m series along the 
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peripheral area of the micro cliatmei, such that the exchanged heat transferred j&om the 
micro channel is prevented from being transmitted to the rim area of the metal plate, 
thereby achieving an effective insulation through controlling the heat transmission 
passageway. 

In particular, the bonding is carried out in a vacuum furnace so that the vacuum of 
the insulation space can be maintained, thereby further enhancing the insulation effect 
thereof. 

In FIG. 25, a plurality of insulation holes 22 is formed through the metal plate so 
as to place near the connection hole 20f and the micro channel 20a, such that the 
exchanged heat can be prevented from being transmitted to the area near the micro channel 
20a and the coimection hole 20f. 

In addition, the uisulation panel 310, 320 is constructed as illustrated in FIG. 30. 
That is, in one face of the insulation panel 310 is provided a plurality of depressions 311 
and a supporter 312 having a crusade form is provided in order to support the face abutted 
mutually with the metal plate 20 or the manifold 30, 70. The rear face of the msulation 
panel 310 has a flat surface, which is to be bonded with, the metal plate 20 or the manifold 
30, 70 through a brazing process. 

As shown in FIG. 24, the insulation panel 3 1 0 is bonded with the first manifold 30 
at the fece having the depression 311 through a brazing process. The depression 311 
containing face on the insulation panel 320 is bonded to the metal plate 20 provided at one 
end of the heat-exchanging portion 10 through a brazing process. The specific effect 
resulting j&om this connection structure will be hereinafter described. 

Therefore, a waste heat, which is transferred to the peripheral area of the metal 
plate 20, can be avoided, thereby preventing reduction in the heat exchanging efficiency. 
Since it provides a good insulation effect without a casing 1100 and an insulation layer 
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1200, which is necessitated in the conventional technique, thereby enabling a 
simplification of manufacturing process and a reduction in the volume thereof In 
particular, the metal plates used in the stacking are punched, thereby reducing the weight 
thereof, as compared with the conventional heat exchanger. 
5 pFourth embodiment] 

FIGS. 25 to 29 are plan views showing various modifications of the metal plates, 
where an insulation hole 22 is formed in various places of the metal plate 20 in various 
shapes. 

More specifically, FIGS. 25 and 27 illustrate an insulation hole 22 formed so as 

10 not to decrease the strength of the metal plate 20. FIGS. 28 and 29 show a metal plate 
capable of fiirther improving tlie iiisiilation efficiency thereof. 

In particular, in the insulation holes 22 and a conduction portion 21 formed 
between the insulation holes 22 illustrated in FIGS. 28 and 29, the conduction heat 
generated from the exchanging heat must pass through the conduction portion 21 before 

1 5 being transferred toward the peripheral area of the metal plate 20. Thus, the surface area of 
the conduction area is preferred to be enlarged and the insulation hole 22 is disposed 
between the conduction portion 21, so that extremely small part of the exchanging heat is 
transmitted to the outer peripheral area of the metal plate 20, thereby increasing the heat 
exchanging efficiency significantly. Also, the outer area of the heat-exchanging portion 10 

20 can be maintained at a lower temperature so that the heat exchanger of the invention can be 
touched without any risk of being burned, thereby enabling an easy handling of the heat 
exchange of the invention. 

Preferably, the metal plate 20 shown in FIGS. 25 and 27 is suitable for a small- 
sized heat exchanger, which doe not necessitate a number of metal plates 20, The metal 

25 plates 20 shown in FIGS. 28 and 29 are suitable for a heat exchanger using a relatively 



wo 2005/080901 



PCT/KR2005/000467 



large number of metal plate 20, thereby compensating for the reduced strength, by means of 
the bonding force of multiple metal plates 20. 
P^ifth embodiment] 

FIGS. 31 and 32 are perspective view showing modifications of FIG. 30. Here, 
5 the insulation panel 310, 320 is configured in such a way that each separate insxilation 
space 23 is formed so as to be fluid-communicatively connected, so that vacuum can be 
easily and simply effected inside the insulation space 23. 

Referring to FIG. 31, the insulation panel 310 is constructed such that the 
insulation space 23 partifioned as each separate space is fluid-communicated with each 
10 other when being brazed with the metal plate 20 placed at one end of the heat-exchanging 
portion 10. FIG. 32 has the same construction as the above-mentioned FIG. 30, but it is 
configured in such a manner that the supporter 312 between the depressions 311 has a cut 
groove 313 formed at desired positions thereof so as to having a desired shape, thereby 
enabling a fluid communication between the depressions 311 and thus a fi-ee air flow 
1 5 between the depressions 311. 

Therefore, in the insulation panel 310, 320 having the constmction shown in FIGS. 
3 1 and 32, the inside of the insulation space 23 must be maintained in vacuum in order to 
improve the insulation efficiency. Thus, as shown in FIG. 31, a through-hole 314 is 
provided in a desired area of the iasxilation panel 310 having the depression 311, so that a 
20 vacuum tube or the like can be inserted through the through-hole after manufacturing or 
when in use, advantageously thereby maiataitiing an appropriate vacuum inside the 
insulation space 23. 

[Sixth embodiment] 

FIG. 33 is an exploded perspective view of a heat exchanger according of another 
25 embodiment of the invention. This embodiment adopts the insulation panel 3 10, 320 of the 
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fifth embodiment and tiae metal plate 20 of the fourth embodiment. A vaeuum port 1 10 is 
provided in an area corresponding to the through-hole 314, which is provided through the 
insulation panel 310 among the first manifold 30, so that the plurality of insulation spaces 
23 provided inside the heat-exchanging portion 10 can be vacuumed through a single 
5 vacuum port 110. Here, the vacuum port 110 may be formed in plural. In addition, a 
clamping means or a vacuum valve may be provided in the vacuum port so that additional 
vacuum can be effected, thereby maintaining an appropriate vacuum. 
[Seventh embodiment] 

FIG. 34 is a flow chart showing a process for manufacturing a heat exchanger 
10 according to the present invention. 

Referring to FIG. 34, in the manufecturing process of the metal plate 20, which 
includes a micro channel 20a, a distribution channel 20e, the connection hole 20f, or the 
like, a step of punching an insulation hole 22 (S3 1 00) is provided, and at the same time, the 
insulation panel 310, 320 and the manifold 30, 70 having the previously-mentioned 
15 construction are fabricated. 

Thereafter, a cleansing/assembling step (S3200) is performed. In order to carry- 
out a brazing bonding process, a plurality of metal plates 20, insulation panels 310, 320, 
bonding thin plates 220 are disposed between the above plural metal plates 20, between the 
heat-exchanging portion 10 and the insulation panel 310, 320, and between the manifold 
20 30, 70 and the insulation panel 3 10, 320 and then stacked and assembled to each oilier. 

Thereafter, the above-assembled heat exchanger is placed m a brazing furnace (not 
shown) and a bonding process (S3300) is performed under vacuum to thereby bond and 
combine the above assembly. Upon completion of bonding process (S3300), the 
completed heat exchanger is taken out of the brazing fiimace (not shown) and cleaned and 
25 finished (S3400). 
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Here, the bonding process (S3300) is performed in the same manner as in the 
previously described prior iavention. Through the stacking metal face described in the 
seventh embodiment and the vacuum port 1 10, vacuum is effected in the insulation space 
23 partitioned inside the heat-exchanging portion 10 (Vacuum effecting step: S3310). As a 
5 heating step (S3320) is carried out, each element is firmly bonded and combined to each 
other through melting/w^etting/solidifying of the bonding thin plate 220 (Brazing bonding 
step: S3330). Then, the resultant heat exchanger is taken out of the brazing fiimace (not 
shown) (S3340). 

Thereafter, a finishing and cleaning step (S3400) is carried out in order to trkn the 
10 bonding thin plate 220 after the bonding step (S3300). 

Therefore, comparing with the prior invention, the bonding process and the like is 
embodied in the same way, excepting the manufacturing of the metal plate 20 and the 
insulation panel 31, 320, thereby employ the existing production facilities witiiout adding 
any separate facility. Thus, a heat exchanger having a good insulation performance can be 
15 provided, while omitting the construction and manufacturing process for a separate casing, 
insulation layer, or the like. 

[Eighth embodiment] 

Any one of the above manufacturing steps may fiirther comprise a step of coating 
and/or forming and/or injecting a getter material on the inner diameter of the insulation 
20 hole 22 and/or the depression 311 of the uisulation panel 310, 320, in order to execute a 
vacuum state more effectively. 

In a common vacuum technique, only a vacuum pump is used and thus a desired 
degree of vacuum cannot be easily achieved, thereby causing many technical problems to 
be solved and resulting in a high cost. 
25 The getter material is divided into a contact getter which is in a solid state and has 
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a Strong adsorptive property and a dispersion getter which is in a gas state and has a strong 
compounding action. This getter includes an active carbon, barium, zirconium, and red 
phosphor. One or more getter selected fiom these materials are made into a paste or 
powder form of contact getter, which is coated or formed, or a gas state of dispersion getter 
5 may be injected additionally. 

The process for coating the getter material, etc. is weU known to those skilled in 
the art and thus details thereon will be described here. 

Industrial Applicability 

10 As described above, according to a micro heat exchanger and a manufacturing 

method thereof, an altemate stacking of bonding thin plates enables the brazing bonding at 
a time. Also, the micro channel containing face of the metal plate is faced downwardly 
and thus the melt of the bonding thin plate is not mtroduced into the micro channel, 
thereby guaranteeing precision and bonding the boundary area of the micro channels 

15 without any additional process. 

In this way, since the boimdary area of the micro channel is bonded, the heat 
resistajice and pressxtre resistance of each flow passage formed by the micro channel can 
be maximized. 

In addition, the metal plates are stacked such that the micro chatmel therein is 
20 crossed with each other, thus providing a higher efficiency for heat exchanging. 

Furthermore, a heat exchanger having a good insulation efficiency can be provided, 
without necessity of a separate easily and insulation layer processing. The weight and 
volume of the heat exchanger can be reduced and the generation of radiant heat can be 
suppressed. The durability of external devices is not deteriorated. 
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In addition, it can be easily fabricated, the defective proportion is reduced, and the 
insulation efficiency is significantly improved to thereby enhance the heat exchanging 
efficiency. One or more insulation holes having a desired shape are punched in certain 
intervals in an area where a plurality of metal plates are faced with each other and then the 
5 metal plates are bonded through a brazing process, so that an insulation space is formed by 
means of the insulation hole. The insulation space can be vacuimied to thereby prevent the 
heat from being transmitted into the outer periphery of the metal plate. 

Also, the insulation hole is formed through the metal plate in a shape and pattern 
so as not to seriously reduce the strength of the metal plate. The waste heat can be 
10 prevented from being conducted into the outer periphery of the metal plate from the heat- 
exchanging area including the micro channels. A separate insulation panel is inserted 
between the manifolds and between the metal plates and bonded by brazing, thus 
suppressing the heat transfer towards the manifold. 

In particular, the performance of a heat exchanger used for fuel cells, which stand 
15 in the spotlight as a power supply for notebook computers, is not degrade, and also the heat 
exchanger can be finther miniaturized. 

While the present invention has been described with reference to the particular 
illustrative embodhnents, it is not to be restricted by the embodiments but only by the 
appended claims. It is to be appreciated that those skilled in the art can change or modify 
20 the embodunents without departing from the scope and spirit of the present invention. 
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What Is Claimed Is: 



1 . A micro heat exchanger comprising: 

(a) a heat exchanging portion including a plutrality of metal plates stacked and 

5 bonded to one another, the metal plate having a plurality of micro channels formed in 
parallel on the metal plate for flowing a JHrst fluid, a supply chaimel and a discharge 
channel for supplying and dischargmg a fluid to and fiom each micro channel, a first 
connection hole comected to the supply channel and ttie discharge channel respectively 
and formed on the metal plate in such a way as to pass through, and a second cormection 
1 0 hole for supply and discharging a second fluid; and 

(b) a manifold including a fixing plate bonded symmetrically to upper and 
lower sides of the heat-exchanging portion and a pipe foamed in the fixing plate in such a 
way as to pass through the fixing plate so as to he fluid-communicatively connected with 
the first connection hole and the second connection hol e such that the first and second fluid 

15 are supplied and discharged respectively, 

(c) wherein the bonding between the metal plates, the heat-exchanging 
portion and the fixing plate is performed by mserting a bonding thin plate in between and 
carrying out a brazil^ process. 



20 2. The heat exchanger according to claim. 1, wherein the heat-exchanging 

portion is formed through an alternate stacking and bonding in such a manner that the first 
connection hole through the metal plate and the second comiection hole through the 
adjacent metal plate are fluid-communicated with each otiier and the micro channels on the 
neighboring metal plates are crossed at a certain desired ajigle. 

25 
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3. The heat exchanger according to claim 2, wherein the supply channel and 
the discharge channel fiuther includes a distribution channel formed on the metal plate so 
as to be branched off and flowed together correspondingly to the micro channel. 

5 4. The heat exchanger according to claim 1 or 2, wherein the heat- 

exchanging portion is further provided with an insulation space formed by stacking the 
metal plates, which are further provided with one or more insulation hole formed in such a 
way as to pass through a desired area of the periphery of the micro chaimeL 

10 5. The heat exchanger according to claim 4, wherein an insulation panel is 

inserted between the manifold and the heat-exchanging portion and bonded through a 
brazing process, the insulation panel including a through-hole fluid-communicated with the 
pipe of each manifold. 

15 6. The heat exchanger according to claim 5, wherein the insulation panel is 

provided with one or more depressions on the micro channel forming direction. 

7. The heat exchanger according to claim 4 or 6, wherein the insulation 
space or Uie depression is vacuumed by means of a vacuuming process during the brazing 

20 bonding process. 

8. The heat exchanger according to claim 7, fiirther comprising one or more 
vacuum port passuag Ihrough iategraliy the insulation panel and another manifold stacked 
and combined therewith so as to be fluid-communicated with the depression and the 

25 insulation space. 
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9 A method of manufacturing a micro heat exchanger, the method 
comprising steps of: 

(a) preparing a metal plate having a fluid supply channel and a fluid discharge 
5 channel, a plurality of parallel micro channels, and first and second connection holes 

connected respectively with the supply channel and the discharge channel; 

(b) forming a heat-exchanging portion by srtacking and bonding the metal 
plates with a bonding thin plate inserted in between, the micro channel facing one 
direction; 

10 (c) forming each manifold to be symmetrically bonded to upper and lower 

sides of the heat-exchanging portion, the manifold having a fixing plate to which each pipe 
is temporarily bonded so as to be fluid-communicated with the first and second coimection 
holes; 

(d) coating a paste bonding agent near the connection area of each pipe to 
1 5 each fixing plate; 

(e) forming an assembly by assembling the heat-exchanging portion, each 

fixing plate and each manifoid between a fixing jig and a mobile jig moving relative to the 
fcfing jig, correspondingly to the fluid supply and discharge path, and placing a relatively 
small load weight on top of the mobile jig so as to exert a uniform load to the metal plate 
20 of the heat-exchanging portion; 

(f) placing each assembly in a brazing fiimace, and heating the assembly 
above the melting temperature of the bonding thin plate and the bonding agent to thereby 
perform a bonding; and 

(g) removing the fixing jig, the mobile jig and the load weight after taking the 
25 assembly out of the brazing fiimace. 
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10. The method according to claim 9, wherein the step (b) further comprises a 
step of alternately stacking the metal plates in such a manner that a first connection hole of 
the metal plate is fluid-communicatively connected with a second cormection hole of a 

5 neighboring metal plate and a micro channel of the metal plate is crossed with the micro 
channel of the neighboring metal plate at a certain desired angle. 

1 1. The method according to claim 10, wherein the step (a) further comprises 
a step of forming a distribution channel on the supply channel and the discharge channel 

1 0 such that the micro channel and the first connection hole are fluid-commxmicated with each 
other, and branched off and flowed together respectively. 

12. The method according to claim 10, wherein the step (hi) flirther comprises 
a step of disposing the metal plate in such a way th^ the micro channel containing face 

1 5 thereof feces downwards. 

13. The metliod according to claim 10, wliereia the step (a) farther comprises 
a step of pxmching an insulation hole of same shape in a same place. 

20 14. The method according to claim 10, wherein the step (b) further comprises 

a step of stacking an insulation panel between the manifold and the metal plate, and 
insertmg and stacking a bonding thin plate in between. 
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